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(SLGHPLRORJ\ RI FDUEDSHQHPDVHV ZRUOGZLGH LV VKRZLQJ WKDW 2;$ YDULDQWV DUH
EHFRPLQJ WKH SUHGRPLQDQW FDUEDSHQHPDVH W\SH LQ Enterobacteriaceae LQ PDQ\
FRXQWULHV +RZHYHU DOO 2;$ YDULDQWV GR QRW SRVVHVV VLJQLILFDQW DFWLYLW\ WRZDUGV




UHVLVWDQW WR SHQLFLOOLQV DQG ILUVW JHQHUDWLRQ FHSKDORVSRULQV 7KH ILUVW LVRODWH ZDV
VXVFHSWLEOHWRH[SDQGHGVSHFWUXPFHSKDORVSRULQVDQGUHVLVWDQWWRFDUEDSHQHPVDQGKDG
D VLJQLILFDQW FDUEDSHQHPDVH DFWLYLW\ SRVLWLYH&DUED13 WHVW UHODWHG WR H[SUHVVLRQ RI
2;$ 7KH VHFRQG LVRODWH ZDV UHVLVWDQW WR H[SDQGHGVSHFWUXP FHSKDORVSRULQV DQG
VXVFHSWLEOH WR FDUEDSHQHPV DQG GLG QRW H[SUHVV D VLJQLILFDQW LPLSHQHPDVH DFWLYLW\




WKH tra RSHURQ OHDGLQJ WR WKH VXSSUHVVLRQ RI VHOIFRQMXJDWLRQ SURSHUWLHV %LRFKHPLFDO
DQDO\VLV VKRZHG WKDW 2;$ KDV D FODYXODQLF DFLG LQKLELWHG DFWLYLW\ WRZDUGV
H[SDQGHGVSHFWUXP DFWLYLW\ ZLWKRXW VLJQLILFDQW LPLSHQHPDVH DFWLYLW\ 7KLV LV WKH ILUVW


















*UDPQHJDWLYHV  7KH\ H[KLELW D KLJK GHJUHH RI GLYHUVLW\ RI K\GURO\VLV DFWLYLW\ UDQJLQJ
IURPQDUURZWREURDGVSHFWUXPK\GURO\VLVDFWLYLW\WRZDUGβODFWDPV$PRQJWKHFODVV'
βODFWDPDVHV VHYHUDOHQ]\PHVK\GURO\]HFDUEDSHQHPV0RVWFDUEDSHQHPK\GURO\]LQJFODVV
' βODFWDPDVHV &+'/V DUH IURP Acinetobacter VSS HJ2;$ 2;$ 2;$
2;$ZKHUHDV2;$W\SHHQ]\PHVDUHLGHQWLILHGLQEnterobacteriaceae RQO\
 7KH 2;$ GHULYHG &+'/V KDYH LQLWLDOO\ EHHQ LGHQWLILHG LQ 7XUNH\  ILUVW LQ
Klebsiella pneumoniae DQG WKHQ LQ RWKHU HQWHUREDFWHULDO VSHFLHV  7KH NQRZQ 2;$
YDULDQWV DUH FXUUHQWO\ DV IROORZV L 2;$ LGHQWLILHG IURPK. pneumoniae LVRODWHV LQ
7XUNH\LL2;$LGHQWLILHGIURPK. pneumoniaeDQGE. cloacaeLVRODWHV LQ$UJHQWLQD
  LLL 2;$ LGHQWLILHG LQ DK. pneumoniae LVRODWH IURP ,QGLD  LY 2;$
LGHQWLILHGIURP K. pneumoniaeLVRODWHVIURPSDWLHQWVKDYLQJDOLQNZLWK1RUWK$IULFDY
2;$ LGHQWLILHG LQ )UDQFH IURP DK. pneumoniae LVRODWH UHFRYHUHG IURPSDWLHQWVZKR
KDG EHHQ WUDQVIHUUHG IURP ,QGLD RU 0DXULWLXV  YL 2;$ DQG 2;$ IURP K. 
pneumoniae LVRODWHV FROOHFWHG LQ6SDLQ  YLL2;$ LGHQWLILHG LQ DK. pneumoniae





WKH SUHGRPLQDQW FDUEDSHQHPDVH W\SH LQ Enterobacteriaceae LQ PDQ\ FRXQWULHV VXFK DV LQ
1RUWK$IULFDWKH0LGGOH(DVW7XUNH\)UDQFHDQG*HUPDQ\
7KHDLPRIWKLVVWXG\ZDVWRFKDUDFWHUL]HSHFXOLDUPROHFXODUPHFKDQLVPVRIUHVLVWDQFHWRβ

















,GHQWLILFDWLRQRI FOLQLFDO LVRODWHVZHUHSHUIRUPHGE\XVLQJ$3,( V\VWHP ELR0pULHX[/D
%DOPHOHV*URWWHV )UDQFH DQG FRQILUPHG E\ 0$/',72) PDVV VSHFWURPHWU\ 0$/',
%LRW\SHU&$V\VWHP%UXNHU'DOWRQLFV%LOOHULFD86$Escherichia coli723,QYLWURJHQ
6DLQW$XELQ )UDQFH ZDV XVHG IRU FORQLQJ H[SHULPHQWV DQG D]LGHUHVLVWDQW E. coli - IRU
FRQMXJDWLRQDVVD\V
6XVFHSWLELOLW\WHVWLQJ
$QWLPLFURELDO VXVFHSWLELOLWLHVZHUH GHWHUPLQHG E\ WKH GLVF GLIIXVLRQ WHFKQLTXH RQ0XHOOHU
+LQWRQ DJDU %LR5DG 0DUQHV/D&RTXHWWH )UDQFH DQG LQWHUSUHWHG DFFRUGLQJ WR WKH
(8&$67 EUHDNSRLQWV DV XSGDWHG  KWWSZZZHXFDVWRUJ 0LQLPDO LQKLELWRU\
FRQFHQWUDWLRQV0,&VZHUHGHWHUPLQHGXVLQJWKH(WHVWWHFKQLTXHELR0pULHX[
'HWHFWLRQRIFDUEDSHQHPDVHDFWLYLW\
7KH FDUEDSHQHPDVH DFWLYLW\ZDV VHDUFKHG IRU XVLQJ WZR WHFKQLTXHV WKH XSGDWHG&DUED13
WHVW  DQG 89VSHFWURSKRWRPHWU\  7KH XSGDWHG &DUED 13 WHVW WKDW GHWHFWV
LPLSHQHPDVHDFWLYLW\ZDVSHUIRUPHGDIWHUSHUIRUPLQJFXOWXUHRQ7U\SWLFDVHVR\DJDUPHGLXP
VXSSOHPHQWHG ZLWK =Q62 DV SUHYLRXVO\ GHVFULEHG  7KH 89VSHFWURSKRWRPHWU\
WHFKQLTXHXVHGDVEHHQGHWDLOHGHOVHZKHUH
3&5FORQLQJH[SHULPHQWVDQG'1$VHTXHQFLQJ














3&5 XVLQJ IROORZLQJ SULPHUV SUH2;$$ ¶7$7$77*&$77$$*&$$***¶ DQG
SUH2;$% ¶&$&$&$$$7$&*&*&7$$&&¶ ZDV DEOH WR DPSOLI\ bla2;$
bla2;$ DQG bla2;$ JHQHV 7KH DPSOLFRQV REWDLQHGZHUH WKHQ FORQHG LQWR WKH S&5£
%OXQW ,,7232£ ,QYLWURJHQ GRZQVWUHDP WKH S/DF SURPRWHU LQ WKH VDPH RULHQWDWLRQ
5HFRPELQDQWSODVPLGVS72322;$ZHUHHOHFWURSRUDWHGLQWRE. coli723VWUDLQ3ODVPLG
'1$ H[WUDFWLRQ ZDV SHUIRUPHG XVLQJ 4LDJHQ 0LQLSUHS .LW 4LDJHQ %RWK VWUDQGV RI WKH
LQVHUWV RI WKH UHFRPELQDQW SODVPLGVZHUH VHTXHQFHG XVLQJ7 SURPRWRU DQG05HYHUVH
SULPHUV ZLWK DQ DXWRPDWHG VHTXHQFHU $%, 35,60  $SSOLHG %LRV\VWHPV 7KH







OLTXLG PDWLQJRXW DVVD\V DW & XVLQJ E. coli - DV WKH UHFLSLHQW VWUDLQ DQG E\
HOHFWURSRUDWLRQ RI WKH SODVPLG '1$ VXVSHQVLRQ RI FOLQLFDO LVRODWHV LQWR E. coli 723
6HOHFWLRQRIWUDQVFRQMXJDQWVZDVSHUIRUPHGRQDJDUVXSSOHPHQWHGSODWHVZLWKWLFDUFLOOLQ
PJ/ DQG ZLWK D]LGH  PJ/ 3ODVPLGV ZHUH W\SHG XVLQJ 3&5EDVHG UHSOLFRQ W\SLQJ
3%57 VFKHPH DV GHVFULEHG SUHYLRXVO\  DQG VSHFLILF SULPHUV 5HS$$ ¶
*$&$77*$*7&$*7$*$$**¶ DQG 5HS$%¶&*7*&$*77&*7&777&**&¶
GHVLJQHGIRUWKHGHWHFWLRQRIWKH,QF/02;$SODVPLGUHSOLFDVH
7KH bla2;$ FDUU\LQJ SODVPLG ZDV FKDUDFWHUL]HG E\ 3&5 PDSSLQJ IROORZHG E\ '1$
VHTXHQFLQJ)RXUWHHQFRXSOHVRISULPHUVZHUHXVHGIRUWKHPDSSLQJRIWKHES,QF/0












*HQ%DQN DFFHVVLRQ QXPEHU -1 ZDV XVHG DV D SRVLWLYH FRQWURO IRU 3&5PDSSLQJ

+\GURO\VLVDQDO\VLV
7KH VSHFLILF DFWLYLWLHV RI WKH βODFWDPDVHV 2;$ 2;$ DQG 2;$ ZHUH












KRVSLWDOL]DWLRQ EORRG FXOWXUHV DQG D WUDFKHDO DVSLUDWH JDYH S. marcescens LVRODWHV ZLWK
LGHQWLFDO DQWLELRWLF VXVFHSWLELOLW\ SURILOH 6P 7KH\ ZHUH UHVLVWDQW WR WLFDUFLOOLQ
WLFDUFLOOLQFODYXODQLF DFLG SLSHUDFLOOLQWD]REDFWDP DQG WHPRFLOOLQ 0,& !  PJ/ KDG
GHFUHDVHGVXVFHSWLELOLW\WRFDUEDSHQHPVLPLSHQHPPHURSHQHPHUWDSHQHPDQGGRULSHQHP
DQG UHPDLQHGVXVFHSWLEOH WR H[SDQGHGVSHFWUXPFHSKDORVSRULQV 7DEOH$SRVLWLYH&DUED
13WHVW LQGLFDWHG WKHH[SUHVVLRQRIDFDUEDSHQHPDVH3&5H[SHULPHQWVZHUHFDUULHGRXWRQ
SXULILHG '1$ RI 6P ZLWK SULPHUV VSHFLILF RI FRPPRQ FDUEDSHQHPDVHV JHQHV bla.3&
bla,03bla9,0bla1'0 DQGbla2;$$bla2;$OLNH JHQHZDV DPSOLILHGZKLFKZDV ODWHU












ZLWK FHIHSLPH DQG DPLNDFLQ IRU ILIWHHQ GD\V )XUWKHUPRUH GXH WR WKH LUUDGLDWLRQ RI WKH
QDVRSKDU\Q[IRUDFDUFLQRPDDW WKHDJHRI WKHSDWLHQWSUHVHQWHG LPSRUWDQW ORFRUHJLRQDO
VHTXHOODHFRPSRVHGRIVFOHURVLVRI WKH WKRUD[DQGFHUYLFDO UHJLRQVDQG WKHSHUVLVWHQFHRID
ULJKW ODU\QJHDOFHUYLFDO ILVWXOD 0RUH WKDQ  PRQWKV ODWHU 2FWREHU  DQRWKHU S. 




DFWLYLW\ 8QOLNH LVRODWH 6P WKH LVRODWH 6P ZDV UHVLVWDQW WR H[SDQGHGVSHFWUXP
FHSKDORVSRULQV FHIRWD[LPHFHIWD]LGLPHFHIHSLPHDQGD]WUHRQDP7DEOHDQG UHFRYHUHG
VXVFHSWLELOLW\WRWHPRFLOOLQ0,& PJ/3&5XVLQJZKROHFHOO'1$RI6PDVWHPSODWH
ZDV SRVLWLYH IRU D bla2;$OLNH JHQH 6HTXHQFLQJ UHVXOWV LGHQWLILHG D QRYHO bla2;$ OLNH
JHQHGHVLJQDWHGDVWKHbla2;$JHQH
 *HQRPLF FRPSDULVRQ XVLQJ D 5HS3&5 EDVHG WHFKQLTXH 'LYHUVLODE® ELR0pULHX[
LGHQWLILHGDJHQRPLFVLPLODULW\EHWZHHQS. marcescens6PDQG6PLVRODWHV)LJXUH




DFLGV GHOHWLRQ LQ WKH 2;$ SURWHLQ VHTXHQFH IURP UHVLGXHV 7KU WR *OX DV
FRPSDUHG WR WKH 2;$ VHTXHQFH )LJXUH  7KH FRPSDULVRQ RI K\GURO\VLV VSHFWUXP RI
2;$2;$DQG2;$ZDVGRQHE\FORQLQJbla2;$bla2;$DQGbla2;$


















DOVR 2;$ SURGXFHUV ZHUH HLJKWIROG PRUH VXVFHSWLEOH WR WHPRFLOOLQ WKDQ 2;$
SURGXFHUV7DEOH
 7KHVSHFLILFDFWLYLWLHVRI2;$DQGRI2;$ZHUHYHU\VLPLODUIRUSHQLFLOOLQV
EURDGVSHFWUXP FHSKDORVSRULQV DQG FDUEDSHQHPV +RZHYHU 2;$ K\GURO\]HG OHVV
FHIWD]LGLPH IROG OHVV WKDQ 2;$ 7DEOH  %RWK 2;$ DQG 2;$ KDYH
EDUHO\ GHWHFWDEOH DFWLYLW\ DJDLQVW FDUEDSHQHPV DV FRPSDUHG WR2;$ ∼ IROG OHVV IRU
LPLSHQHP 7DEOH  2Q WKH RWKHU KDQG 2;$ DQG 2;$ K\GURO\]HG H[SDQGHG
VSHFWUXPFHSKDORVSRULQVDQGD]WUHRQDPDWPXFKKLJKHU UDWHVZKLOH2;$GLGQRW 7DEOH






IRU WKH 6P DQG 6P UHVSHFWLYHO\ 3&5EDVHG UHSOLFRQ W\SLQJPHWKRG UHYHDOHG WKDW WKHVH
SODVPLGVEHORQJHGWRDVDPH,QF/0LQFRPSDWLELOLW\JURXS:KHUHDVWUDQVIRUPDQWVLQE. coli
ZHUH REWDLQHG E\ XVLQJ ERWK SODVPLGV WUDQVFRQMXJDQWV ZHUH REWDLQHG ZLWK WKH S2;$
SODVPLG RQO\ 3&5PDSSLQJ RI SODVPLGV S2;$ DQG S2;$ VKRZHG WKDW S2;$
ZDVVWUXFWXUDOO\LGHQWLFDOWRWKHSURWRW\SH,QF/02;$SRVLWLYHSODVPLG3ODVPLGS2;$
 KDG D VLPLODU EDFNERQH DV S2;$ EXW KDG D  ES GHOHWLRQ IURP QXFOHRWLGHV

















$QRYHO2;$ W\SHβODFWDPDVH2;$KDVEHHQ LGHQWLILHGKHUH2;$ OLNH WKH














2;$ UHVSHFWLYHO\ LQGLFDWH WKDW WKH\ DUH FORQDOO\ UHODWHG7KLV UHVXOW VXJJHVWV WKDW WKH
bla2;$ JHQH PD\ GHULYH IURP D VDPH DQFHVWRU D bla2;$ JHQH 7KLV K\SRWKHVLV LV
UHLQIRUFHGE\WKHFRPPRQJHQHWLFHQYLURQPHQWRIERWKWKRVHJHQHV$FWXDOO\WKHbla2;$
DQGbla2;$JHQHVZHUHEUDFNHWHGE\WZRFRSLHVRIDQLGHQWLFDO,6HOHPHQW,61999IRUPLQJ












PRVDLFVWUXFWXUHVPDGHRI LQVHUWLRQVHTXHQFHVDQG WUXQFDWHGPRELOHHOHPHQW WKDW VXUURXQGV
WKHbla2;$JHQHDQGLWVGHULYDWLYHbla2;$)LJXUH,QDGGLWLRQWKHbla2;$
JHQHZDV LGHQWLILHGRQ WKHSODVPLGS2;$ WKDWSRVVHVVHGDEDFNERQHVLPLODU WR WKDWRI
,QF/0 bla2;$EHDULQJ SODVPLG S2;$  H[FHSW IRU D GHOHWLRQ RI FD  NE





$VFRQFOXVLRQ WKLV UHSRUWXQGHUOLQHV WKDW2;$W\SHȕODFWDPDVHVDUHPRUHGLYHUVH WKDQ
H[SHFWHG $V H[HPSOLILHG E\ 2;$ WKH 2;$W\SH ȕODFWDPDVHV DUH QRW DOO WUXH
FDUEDSHQHPDVHV$VDPHVWDWHPHQWLVYDOLGIRUDQRWKHUJURXSRIVHULQHȕODFWDPDVHVWKH*(6
JURXSRI HQ]\PHV IRUZKLFK*(6 LVDQH[WHQGHGVSHFWUXPȕODFWDPDVHZKLOH*(6 LV D
FDUEDSHQHPDVH  7KHUHIRUH WKH ILUVWOLQH VFUHHQLQJ RI FDUEDSHQHPDVH SURGXFHUV LQ
EnterobacteriaceaePD\EHEHVWEDVHGRQELRFKHPLFDOGHWHFWLRQRIFDUEDSHQHPDVHDFWLYLW\LQ
FOLQLFDO VHWWLQJV7KHPROHFXODU ELRORJ\ WHFKQLTXHV DOWKRXJK XVHIXOPD\RYHUUHSRUW2;$
OLNH SURGXFHUV DV EHLQJ DOO FDUEDSHQHPDVHV DQG RQ WKH RSSRVLWH PD\ IDLO WR GHWHFW























 +LJJLQV 3* 3RLUHO / /HKPDQQ01RUGPDQQ3 6HLIHUW+ 2;$ D
QRYHO FDUEDSHQHPK\GURO\]LQJ FODVV ' ȕODFWDPDVH LQ Acinetobacter baumannii
$QWLPLFURE$JHQWV&KHPRWKHU




 3RLUHO / +HULWLHU & 7ROXQ 9 1RUGPDQQ 3  (PHUJHQFH RI R[DFLOOLQDVH
PHGLDWHG UHVLVWDQFH WR LPLSHQHP LQ Klebsiella pneumoniae $QWLPLFURE $JHQWV
&KHPRWKHU
 .DVDS07RURO6.ROD\OL)'XQGDU'9DKDERJOX+2;$DQRYHO
YDULDQW RI 2;$ GLVSOD\V H[WHQGHG K\GURO\WLF DFWLYLW\ WRZDUGV LPLSHQHP
PHURSHQHPDQGGRULSHQHP-(Q]\PH,QKLE0HG&KHP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